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Objective. There is some evidence to suggest that prosthetic distal bypass graft patency can be improved, and the risk of
intimal hyperplasia diminished, by interposing a distal vein cuff. We studied intimal remodeling in an end-to-side distal
prosthetic anastomosis constructed with and without a vein cuff
Methods. Twenty-four prosthetic bypasses were constructed with (N ¼ 12) or without (N ¼ 12) a distal vein cuff in 12
pigs. At 10 weeks, the 20 anastomoses and adjacent arteries from the surviving 10 pigs were studied by histology,
immunohistochemistry and morphometry.
Results. Intimal hyperplasia was significantly less on all zones of the arterial floor and all suture zone of arteries
anastomosed with a vein cuff than within arteries anastomosed without a vein cuff (0.11 versus 0.34; p ¼ 0.001 and 0.35
versus 1.19; p ¼ 0.0001, respectively). Intimal hyperplasia was also more prominent within the vein cuff than within the
recipient artery, with or without a vein cuff (1.35 versus 0.38; p ¼ 0.0001).
Conclusion. An interposition vein cuff at the distal anastomosis between a prosthesis and an artery alters the distribution of
intimal hyperplasia. By acting as an expansion chamber where intimal hyperplasia can develop harmlessly, the vein cuff may
protect the arterial anastomosis from stenosis.
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Introduction
The great saphenous vein is the reference standard for
distal bypass as it has the best results for patency and
limb salvage.1 – 4 In some cases, no vein is available due
to previous distal arterial bypass, coronary revascular-
ization or excision of varicose veins in the legs. In other
cases the vein is unsuitable for bypass because of
morphology, inadequate caliber or thrombosis.5,6
When no vein is available, most surgeons use a
prosthetic graft (made of polytetrafluoroethylene
(PTFE) or Dacron).7 – 12 Despite some enthusiastic
reports, most series of prosthetic distal bypasses report
inferior results to those observed with venous recon-
struction.13 – 16
Although they were initially designed to simplify
the distal anastomosis between a PTFE graft and a
small artery, vein cuffs seem to improve patency.17
They probably do so by reducing intimal hyperplasia,
but the mechanisms responsible for improving
patency are unclear. Our objective in this study was
to investigate the histomorphometric features of
intimal remodeling and its distribution in distal end-
to-side anastomoses between a prosthetic bypass and
artery, constructed with or without vein cuff in a
porcine model.
Material and Methods
We used 12 sows, median weight 24.7 kg (range 22–
26.5). All animals were treated in accordance with the
recommendations for experimental animal protection
(Directive 86/609/CEE, 24 November 1986, modified
by Law 87–848, 19th October 1987) and the Principles
of Laboratory Animal Care and Guide for the Care and
use of Laboratory Animals.
Surgical model
After anesthesia, the abdominal aorta was dissected
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via a trans-peritoneal approach. After aortic dissection,
the bifurcation and the bilateral common iliac arteries
were dissected. A bifurcated prosthesis was con-
structed using two PTFE prostheses 3 mm in diameter
and 7 cm in length. A venous segment was removed
from right internal jugular vein and preserved in
serum at room temperature. After intravenous injec-
tion of sodium heparin (0.5 mg/kg), the aorta was
clamped and sectioned. The prosthesis was sutured to
the aorta with a 7/0 end-to-end polypropylene suture.
The two distal ends of the prosthesis were anasto-
mosed end-to-side onto alternate right or left common
iliac arteries with or without a Miller vein cuff18 using
7/0 polypropylene and a 1.5 cm arteriotomy. After
hemostasis, the trans-peritoneal dissection was closed
and all animals were kept on a normocholesterolemic
regimen and closely observed. All pigs received
clopidogrel anti-platelet prophylaxis before surgery
and for 5 days thereafter.
At 10 weeks after operation, the sows were
anesthetized and the recipient arteries, prosthesis
and distal anastomoses were dissected through a
trans-peritoneal approach. The sows were killed by
injecting 60 ml potassium chloride, the prosthesis
cannulated and the distal anastomoses fixed with
10% formalin injected over 15 min at a pressure of
120 mmHg. After fixation, the anastomoses were
resected leaving an arterial segment of 1 cm above
and below the anastomosis. The arterial segments and
vein cuff were separated and all specimens were kept
for 24–48 h in a 10% formalin solution before analysis.
Preparation and histology
The arteries were prepared in an increasing alcoholic
solution from 50% to 100% (LEICA TP 1050). Three
arterial segments were sectioned: proximal (the heel),
medial and distal parts of the anastomosis (the head).
Vein cuff segments were sectioned separately. After
xylene incubation, all the specimens were paraffin
blocked. The blocks were cut into 4 mm sections on a
microtome (Leica RM 2035). After treatment in
decreasing alcoholic solutions (Leica AUTOSTAI-
NER-XL) and hydration, the sections were stained
with hematoxylin and eosin for routine histologic
evaluation.
Changes in the collagenous connective fibers were
detected by trichromic staining; and changes in the
elastic fibers in orcein-stained specimens. Smooth
muscle cells were revealed by monoclonal mouse
antibody for actin (DAKO, code N8 M-0851, Carpin-
teria, CA). Endothelial cells were revealed by a
monoclonal mouse antibody for factor VIII/Von Will-
ebrand factor (F VIII/vWF)(DAKO, code N8 N-1505,
Carpinteria, CA).
Morphometric analysis
Intimal hyperplasia was assessed by repeated para-
metric measures on 10 random fields using a video-
microscope (LEICA-DMRB) with a 20£ magnification.
Intimal hyperplasia was defined as the measurement
between the internal elastic lamina, visualized by
orcein staining, and the endothelium expressed in
millimeter. In the recipient artery, five preferential
areas of intimal hyperplasia remodeling were
assessed: two on the arterial floor (distal and proximal
ends), and three on the arterial suture zone (distal end,
medial segment and proximal end). The same five
areas were measured for all the arterial specimens
(anastomosed with or without the vein cuff). Intimal
hyperplasia was assessed in vein cuff specimens from
10 random fields with a 20 £ magnification.
Statistical analysis
Unless otherwise specified, all data are expressed as
medians and (ranges). A Kruskall–Wallis test was
used to compare each arterial zone between the two
groups. A p-value of less than 0.05 was considered to
be statistically significant. A Mann–Whitney test was
used to compare the intimal hyperplasia in all the vein
cuffs with all the arterial zones, (with or without a vein
cuff). Statistical analysis was performed with StatView
(SAS Institute, Cart, NC) software.
Results
Of the 12 sows used, two died: one immediately after
surgery and the other on day 5 after a major infection.
A total 20 anastomoses were therefore available for
study at 10 weeks. Histologic staining showed intimal
remodeling in all the specimens analyzed (Fig. 1).
Immunohistochemical staining of the intimal remo-
deling revealed actin immunoreactivity demonstrat-
ing the major presence of smooth muscle cells
characteristic of myointimal hyperplasia (Fig. 2).
Immunohistochemical staining also disclosed FVIII/
vWF expression characteristic of endothelial cells
constantly present as a mono-layer covering the
intimal thickening.
Morphometric analysis (Table 1) demonstrated
evident differences in the amount of intimal hyper-
plasia in the arteries anastomosed with or without
E. Ducasse et al.618
Eur J Vasc Endovasc Surg Vol 27, June 2004
vein cuff and within the vein cuff. On the arterial floor,
intimal hyperplasia was less prominent at the distal
and proximal ends for arteries anastomosed with vein
cuff than in those without (0.10 mm versus 0.41 mm;
p ¼ 0:001; and 0.11 mm versus 0.28 mm, respectively;
p ¼ 0:001). On the arterial suture zone, intimal
hyperplasia was less prominent at the distal end,
medial segment and proximal end for arteries anasto-
mosed with vein cuff than without (0.35 mm versus
0.90 mm; p ¼ 0:0001; 0.34 mm versus 1.12 mm; p ¼
0:0001 and 0.43 mm versus 1.13 mm; p ¼ 0:001). Intimal
hyperplasia was invariably more prominent in the
vein cuff than in the recipient artery (1.35, range 0.85–
1.95 versus 0.38, range 0.09–1.80; p ¼ 0:001).
Fig. 1. Orcein staining showing intimal thickening on the floor of an artery anastomosed without a vein cuff ( £ 20
magnification).
Fig. 2. a-Actin immunohistochemical staining revealing the presence of smooth muscle cells in the intimal recasting on the
floor of an artery anastomosed without a vein cuff ( £ 20 magnification).
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Discussion
Over the past 10–15 years, an adjunctive vein cuff has
been shown to provide excellent initial results for
patency and limb salvage.17,18,21 – 23 Early studies
suggested that the vein cuff decreased intimal hyper-
plasia by limiting the mismatch between the prosthe-
sis and the artery.24 – 27 An experiment conducted by
Tyrrell et al. in 1990 suggested that a vein cuff
constructed with a venous segment interposed in a
longitudinal manner increased the elastic properties of
the venous segment, thus increasing protection from
mismatch compliance on the distal anastomosis.28
Later experiments with a vein cuff encircled by a
prosthetic collar that inhibited the elastic properties of
the vein cuff negated this mechanical explanation.29
Other investigators proposed that the decreased
intimal remodeling arose from hemodynamic changes
within the cuffed anastomosis. Studies conducted
since the end of the 1980s have clearly shown that
intimal hyperplasia remodeling is inversely pro-
portional to the arterial wall tension and shear
stress.30,31 Low shear stress on the arterial wall
promotes smooth muscle cell migration and prolifer-
ation, producing intimal hyperplasia and intimal
remodeling.32 Conversely, a shear stress increase of
more than 78 dynes/cm2 leads to a reduction of
smooth muscle cell proliferation.33
Experiments comparing anastomoses shaped as a
vein cuff with conventional anastomoses showed that
a permanent and constant vortex within the anasto-
moses increased shear stress within the anastomoses
and the recipient artery.34 – 36 This result has been
exploited to produce a prosthesis with an enlarged
distal part,37 to reproduce these hemodynamic con-
ditions (Distaflow Impra/C.R. Bard Inc., Tempe, AZ,
USA). Neither clinical nor experimental studies have
yet shown that these cuffed prostheses are more
efficient than a conventional prosthetic bypass in
preventing intimal hyperplasia remodeling.20,38
Recent evidence suggests that a vein cuff merely
redistributes flow rather than increasing flow within
the anastomosis.39,40 The role of cuff geometry and its
influence on flow, of the distal mismatch between
materials, and the ability of the various types of
material (graft, vein cuff and recipient artery) to
reduce intimal remodeling remain controversial.41 – 43
As suggested by Suggs et al. and previously
demonstrated in a global manner by Kissin et al.,19,20
our study provides further histomorphometric evi-
dence that a vein cuff, rather than diminishing intimal
hyperplasia, redistributes it within the anastomosis.
By closely examining five preferential areas of intimal
hyperplasia in an end-to-side prosthetic-arterial ana-
stomosis, we found that a vein cuff substantially
reduces intimal remodeling only in the arterial wall.
This experimental finding is in accordance with
clinical findings. When a vein cuff is used and a graft
still thromboses due to low flow, in many cases the
recipient artery remains patent.44 Our experimental
finding also supports the greater benefit of a vein cuff
in terms of limb salvage than in patency.17,45 When the
recipient artery is preserved, despite graft thrombosis,
the chance of limb salvage is likely to be better.
In conclusion, our results demonstrate that inter-
posing a vein cuff in a distal end-to-side anastomosis
between a prosthesis and an artery reduces intimal
hyperplasia in the recipient artery by redistributing it
into the vein cuff. This finding may help to explain the
increased limb salvage for prosthetic bypasses anasto-
mosed with a distal vein cuff.
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